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1 
SUMMARY 

The effect of a twin trunk air cushion landing gear system on the 

stability and control of an k-h  type p-fxiraft was evaluated through an 

exploratory wind tunnel program. The active air cushion in ground effect 

conditions was found to reduce both drag and the static margin and 

markedly degrade the directional stability characteristics of the 22 

percent scale wind tunnel model. However, the modified aircraft retains 

adequate longitudinal stability and both the flaps and stabilizer controls 

are effective and adequate for trimming the aircraft. 

ADMINISTRATIVE INFORMATION 

The data in this report was produced as part of the Surface Effects 

Take-Off and Landing System (SETOLS) Program at the Naval Ship Research 

and Development Center. This program is under the direction of the Naval 

Air Systems Command (03?) and is sponsored by the Advanced Research 

Projects Agency of the Department of Defense. 
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INTRODUCTION 

The concept of an air cushion landing gear (ACLG) system utilizes 

technology developed for ground effect or air cushion vehicles. Basically 

a cushion of air is maintained in a suitable housing or trunk beneath the 

aircraft fuselage area. During the take off and landing phase, this 

"bubble" supports the weight of the aircraft and hence replaces the 

conventional wheel landing gear system.  Such an ACLG equipped high 

performance aircraft oifers the prospect of increased operational flexibility 

for tactical Navy aircraft. This is achieved through the capability for 

operations from water and/or unprepared terrain. Navy aircraft would not 

be constrained tc operations from carriers or other forward prepared 

airfields. 

The Naval Ship Research and Development Center (NSRDC) under the 

sponsorship of the Advanced Research Projects Agency has undertaken a 

program to determine the feasibility and best approach to the development 

of an ACLG system for high performance Navy aircraft. Under the direction 

of the Naval Air Systems Command, NSRDC initiated the Surface Effects Take- 

off and Landing System (SETOLS) Program. Results of earlier studies by 

industrial contractors analyzing the feasibility of incorporating a SETOLS 

into an F-8 or A-k  test bed aircraft indicate the A-k  configuration as 

most likely candidate; the twin trunk configuration of the A-k  exhibiting 

certain advantages in terms of stability in ground effect and ease of 

interfacing with the aircraft structure. All proposed aircraft and trunk 

configurations were evaluated by NSRDC in exploratory wind tunnel programs 

to obtain stability and control characteristics using 10 percent scale F-8 

and A-h  models with inactive air cushion systens (see References 1 and 2). 

One of the objectives in the current phase of the Navy SETOLS 

Program is to further define the aerodynamic characteristics of 

the A-k  twin trunk concept during takeoff and landing with both an active 

air trunk system and ground effect simulation with a moving ground belt. 

This report presents the results of an exploratory wind tunnel program 

designed to meet thut objective. 
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NOMENCLATURE 

The results presented in this report are referred to the stability 

system of axes which has the origin at the model center of gravity  This 

position is located at 25 percent of the wlng-s mean aerodyne chord 

and for the A-k model's coordinate system is at F.S. =  51.827 and 3 96 

helow the F.R.L. The F.R.L. coincides with the model C.L. for this ' 

aircraft. 

I 

b 

c 

h 

q 

s 

m 

a 
B 

6f 

«h 

AkG 

Ah? 

AkFB 

AUPEV 

Wing span (6.050 ft) 

Wing mean aerodynamic chord (2.376 ft) 

Height c above ground 

Dynamic pressure, lbs/ft3 

Wing area (12.58U ft2) 

Drag coefficient; 

Lift coefficient; 

drag 
qs 

lift 
qs 

Rolling moment coefficient; rolling moment 
qsb 

Pitching moment coefficient; pitchlng morcent 
qsc 

Yawing moment coefficient; yawing moment 
qsb 

Side force coefficient; side force 
qs 

Angle of tttack, degree 

Angle of sideslip, degree 

Flap deflection, degree 

Horizontal stabilizer deflectioi., degree 

A-k  with conventional landing gear deployed 

A-l* With ACM system installed and conventional landing 
gear deployed "«AHB 

A-^ with ACLG system Installed and deployed 

Al4PB configuration with added vertical stabilizers 

. . 1 ^ ^ 
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APPARATUS 

This  exploratory investigation was  conducted  during November 197? 

at the Vought Aeronautics Division (VAD"),  LTV Aerospace Corporation low 

speed wind tunnel.     The tunnel 1s a horizontal  single-return,   tandem test 

section,  closed-circuit facility.    The program was conducted in the 

rectangular 15 x 20-foot v/STOL test section.     This section incorporates 

a moving belt fround plane which is flush mounted in the floor. 

Additional information on this facility can be obtained in Reference 3. 

The wind tunnel model was a Navy TA-UF version of the k-h aircraft. 

This was an existing model modified to accept a twin trunk air cushion 

system.    It is  a 22 percent scale model constructed of wood over a steel 

core with adjustable wing slats and flaps in addition to an adjustable 

horizontal stabilizer.    Additional model parts allow for installation of 

speed brakes and landing gear assembly to the basic aircraft.    The model 

has flow through inlets which were closed with fairings for this program. 

General dimensions of the TA-UF aircraft are  shown in Figure 1.    The 

podded, twin trunk ACLG system was fabricated from wood with a fiberglas 

shell simulating the air bag in an inflated condition.    The hole pattern 

in each air bag consisted of equally spaced 0.25 inch diameter holes.    A 

total of 128 holes were staggered in 3 rows  on the surface of the air bag; 

the outer two rows being equidistant about the btg-ground contact line. 

General dimensions of the ACLG system model are shown in Figure 2 with 

more detailed information on the k-k twin trunk concept contained in 

Reference k.    Auxiliary air was supplied to the ACLG system on the model 

via a combination of flexible and rigid hoses routed along the sting 

support and assembly system to plenum chambers  in the trunk system.    The 

air then passed into the bag cavity and was exhausted to free stream. 

Figures 3 through 8 present a series of installation photographs showing 

the wind tunnel model in various configurations of interest. 

MMH MMMI 
Unk i»;-..- '....■'.^■■■■.■^■~.' 
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WIND TIJMEL PROGRAM 

Data from the wind tunnel program in the form of raw counts from 

the VTB-6 internal strain-gage balance was converted  to six component 

force and moment data (lift, drag, pitching moment,  side force, yawing 

and rolling moment)  and then reduced to coefficient form.    Corrections 

to the data were made for the effects of model static weight lares,  air 

line pressure tares, tunnel blockage and compressibility.    In addition 

to model force data, transducers were installed in the ACLG system to 

provide air cushion pressure,  trunk pressure and trunk temperature.    A 

previous program at LTV listed as Reference 5 was similar in scope and 

objective,  consequently the same data reduction technique and 

instrumentation was utilized in the A-^ SETOLS program. 

There were 3 baseline configurations in the wind tunnel program: 

(1)    Basic A-U in conventional landing mode,   (2)    k-k with ACLG system 

installed and (3)    A-i+ with ACLG system installed and deployed.    The 

basic A-k landing configuration has the leading edge slats,  trailing edge 

i flaps,  speed brakes and a conventional wheel landing gear deployed (see 

Figure 5).    When the ACLG system is carried on the k-k, it is housed in 

two pods on pylons mounted under the wing  (see Figure 6).    In the twin 

trunk concept for the k-k aircraft, the conventional wheel landing gear 

I system will be deployable when the ACLG system is installed.    The third 

configuration is the k-k with the ACLG system installed and the air bag 

deployed,  i.e.,  inflated (see Figure k).    Limited data for the A-h in a 

"clean" configuration (Figure 3)  and with auxiliary vertical stabilizers 

in the ACI/3 mode  (Figure 8)  was taken for comparative purposes.    These 

vertical stabilizers had the following model scale dimensions:    50 degree 

leading edge sweep from the vertical,  tip to tip span of 11.88 inches, 

and root chord of 7.92 inches. 

The wind tunnel was operated at a constant dynamic pressure of 6.U 

pounds per square foot.    Whenever tie model was in ground effect,  the 

moving ground belt was operated at a speed of 70 feet per second.     Pitch 

data was taken for a maximum angle of attack range from -2 to +28 degrees 

at a sideslip angle of 0 degrees.    Flap settings used were 0,  25,  and 50 

degrees.     The horizontal stabilizer was moved as one piece with angle 

I 
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settings of 0, -k,   -8 and -12 degrees.  In the lateral case, data was 

taken for a sideslip angle range of -20 to +10 degrees with the model 

angle of attack at +6 and +ll» degrees. All control surface deflections 

are positive with trailing edge down. 

With the model in ground effect, auxiliary air for the ACLG system 

was supplied to the tnr.k systems at i  flow rate of 1.451 (+ 0.05) pounds 

per second. This flow rate was fixed regardless of whether the model 

was in or out of ground effect with the ACLG system installed on the h-k. 

The flow rate was predetermined by the requirement that the air cushion 

pressure of the model in ground effect with ;:ero tunnel speid must develop 

a lift force equal to the model's lift which la developed at the operating 

tunnel dynamic pressure. This is related to the full scale condition 

wherein cushion air pressure is determined by the aircraft static weight. 

With the model out of ground effect, the air flow rate stabilized at 

l.hkO  pounds per second. Using a nominal model scale height of 0.050 

inches to simulate air bag to ground clearance, measured average cushion 

pressure in the left air bag was 0.286 pounds per square inch (rage1» and 

0.290 pounds per square inch (gage) for the right air bag. 

For all configurations, the out of ground effect condition corres- 

ponds ';o a model height above ground to wing span ratio of l.lh. 

Depending upon the configuration, the in ground effect conditions 

corresponds to a model height to span ratio of from 0.22 to 0.27. In 

all cases, the model height is the height of the A-h  model's center of 

rravity above the ground belt. 
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APPniDIX 

A r*pr«s«ntatlvt »arplinr  of the wind tunnel data In ha fom of 

force and nownt coefficients !■ presented on pa«es /P through U5, 

•ftiese and other coaputer plotted data were used to determine the stability 

parameters discussed in the aain text of this repert and presented in 

Figures 9 through 19. The coefficients are defined in the mtln .ext and 

the coaputer notation for these plots are: 

ALPHA        Angle of attack 

BETA Angle of sideslip 

CD Drag coefficient 

CL Lift coefficient 

CM Pitching moment coefficient 

CRN Rolling moment coefficient 

CY Side force coefficient 

CYH Yawing moment coefficient 

'• 

27 



»«. 

., 

h/b      W* 

HT.QD      Bl       MI       Wi 
RliHVQEGREE 

Zoo      i^® 

TM 



—- 

o 
o   o 

p a 

i.i 

«    % 

SYM Conflg. 

O   Al*P 

h/b - 1.1U 

*h- ; 6f - 5CP 

—^5 ^■ 1 ^ 



* 

V. S. O. Q       ri 

< < < • 

Ä   • 

I a€)< ^ o
; 

■ 

! 

30 

f 

4—i R H3 2 
T if 

K^. 



J 

•«0. 

m >> »'r 
8-8 50 

0 50 
J -12 50 
X   .1 jo 

Confl»-. A'-PB 
h/b     ^.?6 

"OT       rS       i^F      IKöD      iZöö     iCöö SLOD 

31 



U<Q 

1 

I 
I 

i.og 

d 

•o. 

•«o, 

• 20. 

"A 

•••K 

I 
O 

Öl 

o 

o 

I 
I. 

o 

STM h u  : 
CD -8 50 
© n 50 
A -12 50 
X -a 50 

ConfiG. A^PB 
h/ _ ri 26 

•5o        -.1o       ^IS       .ib TS TiB        TMB 3b 

CO 

I 32 



.~* W^'!f»™**W?™*T ■ .tr.i—■..iwji.jw iL'i ■     ;     P (      .   I....    J   .1" 1    '■"■'"■ ■«"■"■■-' ''"" ""' '"^  WlTPBWlWPmiiPiiBlIi 

s 
•ML 

-.31 

STM 
ü h u : 

CD -8 50 
® 0 50 
A -12 50 
X -1+ 50 

Config. AUp3 
h/b 

= 0. 26 

-VJB       -.to       12 ""   .w   ~~ .db  ^"~  .A        uto       HSD 

CL 

33 

MM   -        II 11-—  tmmt  i  



um - tmj,^rmmr*m^^mm*r^m^imm^mm "Jiiiiiiiiii.niiniji ipn .'.•: mmnifm^^^rmm^^^r^^^mmimmmmimmmmr^i^'^ • ' '     • i mmmt 

um 

... 

ui 

•80- 

.«L 

•»- 

~A 

Config.      h/, 

O     A^PB 0.26 
®     AUp 0.27 
A     Ai+G 0.27 

6h =  -8  ;   6f =  50 

-4 

4 ÖD      (VtB    '   4-to        555 iSn      iÄ3     Ä35      S.oo 
flUm DEGREE 

3U 

MMMM - 
U ■-   J .Ji..^     -  fc  --! -  ■ 

^MMMHMM 



um 

1.08 

d 

•w. 

.20, 

® □ A 

□ © A 

□ ^ 

Q 

O 

0 
□ 

4 

O 

Conflg.      h/v 

D    AhpB 0,26 
©    A^p 0.27 
A     A'IG 0.27 

6.   » -8° ;   5- - 50° 

O 

•21 

-•'*t. 
20 ^^O -.lA äU" 

35 

"IB- 
CD 

"3) 

MW ata Uta^MM 



—- 

• «a. 

Conflg. 
STH 
a   A'«PB 
(!)     A^P 
A    Ahr, 

0.26 
0.27 
0.27 

6h = -8  ;  6f - 50 

•iO. 
©      lg 

a 

A© 
O 

a 

A© 

a 

1> 
a a 

"•S"     .ft        HF       31        .ft      "KK       TVD 

a 

36 



mm 

-.W 
o 

o 

Ml 

-.IJ 

.10. 

.90. 

S 

o 

-w.oo      -tf.Q0        ^iKÖÖ        ÖIC 

o 

9 
X 

X 

Cunflg. h/b 

ID    AUPB 0.22 
O   AUPBV 0.26 
A    A^P 0.27 
x    AUr 0.27 

or ■ o 

ÜB      ilB 
BETA . 

1/.QD itf.OO S-OO 

37 



.1» 

■-» - -   -1 ■' I 

.M. 

u 

•OB. 

O.OI 

-08 

Confix. h/». STU b 
O A^PB 0.22 
0 Al«PBV 0.26 
A A-P 0.27 
X A'«-. 0.27 

I 

6   - •# : 6f • 50° 

' -I5J5     ^5      9B      öIBi       «tS       rSS       391      I*OD      H oo 
BETA .OECftEt 

^Q 



o.a( 

9m a 
Corfu. h/b 
AUPB 0.29 

o A«*P1V 0.26 
A A-P 0.87 
X AM) o.rr 

Hi . 
-too       -<.aB      ölt 

BETR .OECREE 

ira    ^3.00 -il.» 

^9 



>• 

-.11 I 

I 

© 

O 

STH COnfl€, h/*> 
O AUPB 0.26 
O AUPBV 0.26 
A  AUP 0.27 
X  AUO 0.27 

•«w. 

.« ■-c ^a— 

I 
"^•^  M 

BETR , 

i/.oo  i«.oo  3.ao 

uo 



r 
.40 

0.01 

I 
• 

□ 

^oi 
o 

x 
STN COnflf' h/b 

O A^PB      0.26 
O A^PBV    0.26 
A AUp       0.?7 
X AUO       0.27 

» - 1U# 

6h - **; «f - yf 

-«•«     -#.00      -^.oo      £CD       ÖIH)       Qi        m      t^oo      9.oo 
BETR .OEGfCE 

M 



I 

o.a| 

or.M   . h^w 5m b 
o A'.PS 
© Mw: 
A AtP o.  ■ 
X A»»-: 0.?7 

I ef O' 

-.« 
V.QO       V.oo      o.te IZ»      SLOD -la.aD 



I 

-M 

.10. 

Q 

S 

I 

A.OD       -€.i 

9m ConfIf. 
o AUPB 
o A^PBV 
A. A-P 
X AUO 

• • It0. h/b- 1.1U 

•h 
m Jfl %m 5CP 

TBö       TB       THB 

BETA . 

1KÖD      iÄöö      i9LcD 

^ 



.»0^ 

■■■ 

I 
I 
I 
I 

s 

o.q 

mM 

X    Al*1 

a ■ I»*0; h/b - 1.1»' 

6    = .5? ; 6 - 5:° : 

-i2.aD    "SB      -V.ao      iS TS       ilS       iZ5 
BETR .DECREE 

ir.oo Lao 

uu 

m 



§ 

O.Q| 

I 

STW Conflf. 
a AUPB 
O   A^PBV 
A   AIP 
X    AUO 

a • H01 h/b • 1.1U 

*    .  -^ ;   ft • 5<f 

-fco   m   ^ö5   m    w   is    ■ 
KTI* .OECNEE 

m      Sao 

U5 


